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Photoreleasable Compounds 
Field of the Invention 

The present invention relates to photoreleasable 
compounds, to processes for making and purifying these 
compounds and to their uses. 

Background of the Invention 

Photocleavable (caged) reagents that release biologically 
active compounds rapidly upon flash irradiation with 
near-UV light are potentially valuable tools for study of 
biological processes (1) • However, reagents that can 
photorelease effectors such as neuroactive amino acids 
rapidly and efficiently in aqueous solution have proved 
elusive. Thus, while there are reports in the prior art 
of approaches to the problem based on a wide range of 
different photolabile protecting groups (2) , overall 
these have met with limited success. Among the better 
current reagents are the p-hydroxyphenacyl esters 
described by Givens et al (3), but even these are 
susceptible to hydrolysis and have poor efficiency of 
photorelease because of their low extinction coefficient 
in the 300-350 nm region. A very recent report (4) 
describes photorelease of L-glutamate from brominated 7- 
hydroxycoumarin-4 -ylmethyl esters and carbamates but 
these respectively are susceptible to hydrolysis or are 
rate -limited by decarboxylation of the photochemically- 
generated Z\^-carboxyglutamate (k='-150 s'^ at pH 7,21''C)(5). 

Pass et al have also reported the use of 5-bromo-7- 
nitroindolinyl (Bni) as a protecting group during 
photochemical peptide synthesis to protect carbbxylic 
groups and activate them on irradiation to couple to. 
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other nucleophiles (6b) . 



Smnmarv of the Invention 

Broadly, the present invention relates to photoreleasable 
5 compounds comprising a caging moiety linked to an 

effector moiety, wherein the compounds are capable of 
releasing the effector moiety on irradiation, typically 
by flash irradiation with UV light. The photoreleasable 
compounds can therefore be used to deliver biologically 
.0 active effector moieties such as neuroactive amino acids 

to sites where their activity is required. In preferred 
embodiments of the invention, the caging moiety is based 
on 7-nitroindoline and substituted derivatives thereof. 

.5 In a first aspect, the present invention provides a 

compound represented by the structural formula: 




wherein 

20 Ri is a blocking group; 

R2 and R3 are independently selected from hydrogen, 
Ci-Cio alkyl or substituted alkyl, or R2 and R3 together 
are cycloalkyl; and, 

X is an effector moiety. 
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The Ri group blocks the 5 -position to ensure that the 
nitration reaction occurs at the 7 -position of the 
indoline ring. Preferably, is selected from: 
hydrogen; 

Ci-Cio alkyl or substituted alkyl; 
phenyl or substituted phenyl; 

(CH2)nC02R4; and, 

(CH2)n-0- {CH2),R4,. 

wherein n and m are independently between 0 and 10 
and R4 is hydrogen, or Ci-Cio alkyl or substituted alkyl. 

In exemplified embodiments of the invention, the caging 
moiety is based on substituted 7 -nitroindoline. Examples 
showing the synthesis of substituted 7 -nitroindolinyl 
glutamate and substituted 7 -nitroindolinyl GABA, and the 
photorelease of L-glutamate and GABA from these compounds 
is described in the experimental section below. 

Preferably, the photoreleasable compound is not an 
activator or an inhibitor of a biological process 
mediated by the effector moiety, i.e. the biological 
activity of the effector is only released when the 
compound is exposed to electromagnetic radiation 
(preferably having a wavelength between 300-350 nm) , 
thereby allowing its controlled delivery. Otherwise, it 
is preferable that (a) the photoreleasable compound is 
water soluble and stable to hydrolysis and that (b) the 
release reaction is preferably fast and proceed with high 
quantum efficiency. 

The photoreleasable compounds of the invention have a 
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variety of uses in studying systems that respond to the 
effector moiety and in the treatment of conditions which 
respond to it. 

5 In a further aspect, the present invention provides the 

above compounds for use in a method of medical treatment. 

In a further aspect, the present invention provides the 
use of the above compounds for the preparation of a 
10 medicament for the treatment of a condition which 

responds to the effector moiety. 

In a further aspect, the present invention provides a 
process for releasing an effector moiety, the process 
15 comprising irradiating a photoreleasable compound as 

described above to cause the release of the effector 
moiety. 

in a further aspect, the present invention provides a 
20 process for producing one of the above photoreleasable 

caged compound, the process comprising: 

(a) reacting an indoline to provide a blocking 
group at the 5 -position; 

(b) reacting the indoline of step (a) to couple a 
25 effector moiety at the heterocyclic nitrogen, the 

effector group having a protecting group; and, 

(c) nitrating the indoline of step (b) at the 7- 
position. 
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The sequence of steps specified above has the advantage 
of avoiding a difficult acylation reaction of 7- 



nitroindolines . This is advantageous as the conditions 
required for such a reaction can be detrimental for 
effector moieties with sensitive side chains such as 
glutamate. 

Conveniently, the protecting group can be selected so 
that the nitration reaction concurrently removes the 
protecting group from the effector moiety. This has the 
advantage that protecting groups present on the effector 
moiety are concurrently removed in the nitration 
reaction. 

In a further aspect, the present invention provides a 
process for purifying a photoreleasable compound as 
described above, optionally after producing it as 
indicated above, the process comprising: 

(a) eluting the caged compound from a HPLC column 
using aqueous methanol containing buffer salts; 

(b) desalting fractions containing the caged 
compound obtained from step (a) on Amberlite XAD-2 resin 

(c) eluting the resin with methanol to recover the 
caged compound. 

The use of this purification procedure to recover the 
substituted 7 -nitroindolinyl GABA is shown in the 
examples below and is particularly applicable to the 
purification of photoreleasable compounds having 
hydrophobic effector groups . 

Embodiments of the present invention will now be 
described by way of example and not by limitation with 
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reference to the accompanying drawings. 
Brief Description of the Figures 

Figure 1. Current response of a cultured rat cerebellar 
5 granule neurone to photolytic release of L-glutamate from 

10. Experimental conditions are given in the text. The 
arrow marks the commencement of the 1 ms light flash. 

Figure 2: Photolysis of 8 in CHaClj-dioxane-HaO 
10 (2:3:0.05). Numbers on the traces indicate the cumulative 

time of irradiation (in minutes) . 

Figure 3: Photolysis of 8 in pH 7 aqueous buffer. Numbers 
on the traces indicate the cumulative time of irradiation 
15 (in minutes) 

Detailed Description 
Effector Moieties 

The effector moiety (X) can be a label, a drug, a toxin, 
20 or a carrier or transport molecule. Techniques for 

coupling the caging moiety to both peptidyl and non- 
peptidyl coupling partners are well known in the art. In 
preferred embodiments, the effector moiety is a 
biologically active compound such as an amino acid 
25 (either L or D-amino acids), and more particularly 

neuroactive amino acids such as L-glutamate, GABA and 
glycine. The procedures described herein can also be 
readily adapted to linking larger effector groups such as 
oligopeptides or polypeptides to the caging moiety. 
30 Examples of especially suitable peptides are as follows: 

thyrotrophin releasing hormone TRH; enkephalins (locally 
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acting endogenous opiates) ; bradykinin; and angiotensin 
II. Generally, the methods described herein are 
applicable to any oligopeptides with non-amidated C- 
termini . 



The synthesis of photoreleasable compounds including 
oligo or polypeptide effector moieties can be achieved by 
linking a terminal amino acid (i.e. the C- terminal amino 
acid) to the caging group and then using polypeptide 
chain extension techniques to build up the peptide chain 
stepwise, or by coupling an oligopeptide or polypeptide 
to the terminal amino acid linked to the caging moiety. 
Standard peptide synthesis techniques could also be 
adapted by linking to the synthesis resin the carboxylate 
group that is present as an ester in the side chain of 
the compounds shown in the examples. This would give a 
resin containing the protecting group and C- terminal 
residue which could be elaborated and eventually cleaved 
from the resin by standard techniques. 



If the photoreleasable compound is synthesized using the 
scheme described in the examples below, it is preferred 
that the effector moiety is stable to the nitration 
reaction carried out after it is attached to the nitrogen 
of the indole ring. In the case of amino acids, this 
means that the use of amino acids other than tryptophan, 
tyrosine, cysteine or methionine is preferred. 
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Pharmaceutical Compositions 

The photoreleasable compounds described above can be 
formulated as pharmaceutical compositions. These 
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compositions may comprise, in addition to one or more of 
the compounds, a pharmaceutically acceptable excipient, 
carrier, buffer, stabiliser or other materials well known 
to those skilled in the art. Such materials should be 
non- toxic and should not interfere with the efficacy of 
the active ingredient. The precise nature of the carrier 
or other material may depend on the route of 
administration, e.g. oral, intravenous, cutaneous or 
subcutaneous, nasal, intramuscular, or intraperitoneal 
routes . 

Pharmaceutical compositions for oral administration may 
be in tablet, capsule, powder or liquid form. A tablet 
may include a solid carrier such as gelatin or an 
adjuvant. Liquid pharmaceutical compositions generally 
include a liquid carrier such as water, petroleiam, animal 
or vegetable oils, mineral oil or synthetic oil. 
Physiological saline solution, dextrose or other 
saccharide solution or glycols such as ethylene glycol, 
propylene glycol or polyethylene glycol may be included. 

For intravenous, cutaneous or subcutaneous injection, or 
injection at the site of affliction, the photoreleasable 
compound can be in the form of a parenterally acceptable 
aqueous solution which is pyrogen- free and has suitable 
pH, isotonicity and stability. Those of relevant skill 
in the art are well able to prepare suitable solutions 
using, for example, isotonic vehicles such as sodium 
chloride injection. Ringer's injection, lactated Ringer's 
injection. Preservatives, stabilisers, buffers, 
antioxidants and/or other additives may be included, as 



required. 



After administration, the photoreleasable compound can be 
activated to release the effector moietY# conveniently by 
exposure to a flash of UV light. Preferably, the 
photoreleasable compound according to the present 
invention is given to an individual in a 

"prophylactically effective amount" or a "therapeutically 
effective amount" (as the case may be, although 
prophylaxis may be considered therapy) , this being 
sufficient to show benefit to the individual. Typically, 
this will be to cause a therapeutically useful effect in 
the patient. The actual amount of the compounds 
administered, and rate and time-course of administration, 
will depend on the nature and severity of the condition 
being treated. Prescription of treatment, e.g. decisions 
on dosage etc, is within the responsibility of general 
practitioners and other medical doctors, and typically 
takes account of the disorder to be treated, the 
condition of the individual patient, the site of 
delivery, the method of administration, the data on the 
efficiency and kinetics of release of the effector moiety 
and other factors known to practitioners.. Examples of 
the techniques and protocols mentioned above can be found 
in Remington's Pharmaceutical Sciences, 16th edition, 
Oslo, A. (ed) , 1980. 

Materials and Methods 

General Procedures. Microanalyses were carried out by 
MEDAC Ltd., Brunei University, Uxbridge, U.K. Amino acid 
analyses were performed at the Department of 
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Biochemistry, University of Cambridge, using a Pharmacia 
AlphaPlus Analyser with ninhydrin detection. NMR 
spectra were determined in CDCI3 with tetramethylsilane as 
internal standard unless otherwise stated on JEOL FX90Q, 
5 Bruker AM 400WB or Varian Unity Plus 500 spectrometers. 

The ^^C NMR spectrum was determined on a Bruker AM 400WB 
spectrometer. Positive ion FAB mass spectra at high 
resolution were obtained on a VG ZAB-SE instrument and 
negative ion spectra at low resolution were obtained by 

10 nanoelectrospray on a Thermoquest LCQ ion trap 

instrument. IR spectra were in Nujol mulls unless 
otherwise specified. Merck 9385 silica gel was used for 
flash chromatography. Organic extracts were dried over 
Na2S04 and solvents were evaporated under reduced 

15 pressure. Sodiiim or ammonium phosphate buffer solutions 

were prepared from NaH2P04-2H20 or NH4H2PO4 at the 
specified molarities in water and adjusted to the 
required pH value with 2 M aq. NaOH. HPLC data were 
obtained on Waters equipment using a reverse-phase column 

20 [Merck Lichrosphere RP8 column (Cat. No. 50832)]. UV 

detection was with a Waters 484 detector at 254 nm. 
Preparative HPLC was performed on a 2 x 30 cm column 
(Waters Cja packing material. Cat- No. 20594) . 1- 
Acetylindoline (20) and 1 -acetyl -5 -bromoindoline (21) 

25 were prepared by literature methods. 5 -Bromoindoline (22) 

was obtained by acidic methano lysis of 1 -acetyl- 5- 
bromoindoline {cf preparation of 12) . 1,5- 
Diacetylindoline was prepared as described (23) but using 
1,2-dichloroethane instead of carbon disulfide as 

30 solvent. 1 - (2 -Nitrophenylethyl) phosphate (24) was 

prepared as described (25) . Amberlite XAD-2 resin 
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(Merck) was purified before use by exhaustive extraction 
with ethanol in a Soxhlet thimble, until the UV spectrum 
of the extract showed no absorption. 

Results 

1-Glutarylindoline 14. A mixture of glutaric anhydride 
(22.82 g, 200 mmol) and indoline (23.83 g, 200 mmol) in 
chloroform (240 mL) was stirred at rt for 1 h. The 
precipitated white solid was filtered and washed with 
chloroform, and the filtrate was extracted with 5% 
aqueous Na2C03. The aqueous extract was acidified with 4 
M HCl and the precipitate was collected. The combined 
solids were dried and recrystallized (EtOH) to give 14 
(29.46 g, 63%), mp 135-136°C; IR: v^nax/cm"^ 1700, 1660; 
NMR: 6h (400 MHz, DMSO-de) 8.08 (d, J" = 8 Hz, IH) , 7.22 
(d, Cr = 7.3 Hz, IH) , 7.13 (t, J = 7.7 Hz, IH) , 6.97 (t, J 
= 7.4 Hz, IH) , 4.04 (t, tJ = 8.5 Hz, 2H) , 3.12 (t, iJ = 8.5 
Hz, 2H), 2.47 (t, cJ = 7.2 Hz, 2H) , 2.31 (t, J" = 7.2 Hz, 
2H) and 1.81 (quintet, J= 7.2 Hz, 2H) . Anal. Calcd for 
C13H15NO3: C, 66.94; H, 6.48; N, 6.00. Found: C, 66.96; H, 
6.53; N, 5.96. 

5-Bromo-l-glutarylindollne 15. Bromine (2.40 g, 15 mmol) 
was added dropwise to a stirred solution of 1- 
glutarylindoline 14 (2.33 g, 10 mmol) in glacial acetic 
acid (30 mL) . The mixture was stirred at rt for 1 h, 
then poured into water (50 mL) and treated with sodium 
metabisulf ite to remove excess bromine. The precipitate 
was filtered, washed with cold water and dried. 
Recrystallization (CH3CN) afforded 15 as white crystals 
(2.79 g, 89%), mp 192-194°C; IR: Vmax/cm' 1710, 1655; 'h 
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NMR: 5h (400 MHz, DMSO-de) 7.99 (d, J = 8 Hz, IH) , 7.39 
(m, IH) , 7.30 (dd, J- =8.4, 1.4 Hz, IH) , 4.06 (t, l7-=8.5 
Hz, 2H) , 3.13 (t, J = 8.5 Hz, 2H) , 2.46 (t, J = 7.2 Hz, 
2H) , 2.30 (t, J= 7.2 Hz, 2H) and 1.80 (quintet, J = 7.2 
5 Hz, 2H) . Anal. Calcd for Ci3Hi4BrN03: C, 50.02; H, 4.52; 

N, 4.48. Found: C, 50.31; H, 4.54; N, 4.55. 

5-Bromo-l-glutaryl-7-nitroindoline 11. 5-Bromo-l- 
glutarylindoline 15 (6.25 g, 20 mmol) was added in one 

10 portion to a stirred solution of sodium nitrate (1.87 g, 

22 mmol) in trif luoroacetic acid (75 mL) and the mixture 
was stirred at rt for 4 h. The solution was poured into 
ice-cold water (300 mL) and the precipitated yellow solid 
was filtered, washed with water and dried in vacuo. 

15 Recrystallization [EtOH-MeCN (9:1)] gave 11 as yellow 

needles (5.50 g, 77%), mp 216-217°C; UV: A-max (EtOH) /nm 
246 (e/M-lcm-l 17 150) , 343 (3000) ; Xmax [EtOH-25 mM Na 
phosphate, pH 7 . 0 (1:50) ]/nm 246 (e/M-lcm"! 19 200), 346 
(2550); IR: Vmax/cm"^; 1715, 1685, 1535; NMR: 6h (400 

20 MHz, DMSO-de) 7.83 (d, J = 1.7 Hz, IH) , 7.81 (d, J= 1.7 

Hz, IH) , 4.23 (t, J- = 8.2 Hz, 2H) , 3.22 (t, J" = 8.2 Hz, 
2H) , 2.54 (t, J- = 7.2 Hz, 2H) , 2.29 (t, J = 7 . 2 Hz , 2H) 
and 1.77 (quintet, J = 7.2 Hz, 2H) . Anal. Calcd for 
CiaHiiBrNsOs : C, 43.72; H, 3.67; N, 7.84. Found: C, 43.98; 

25 H, 3.65; N, 7.79. 

Methyl 1-acetylindoline- 5 -acetate 2. Thallium nitrate 
(III) trihydrate (98%) (11.34 g, 25 mmol) was added to a 
solution of 1 , 5-diacetylindoline (5.08 g, 25 mmol) in 
30 methanol (400 mL) containing perchloric acid (60% w/w) (8 

mL) and the mixture was stirred at rt for 4 h.. The 
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precipitated solid was filtered off and the filtrate was 
concentrated to about 50 mL, then diluted with EtOAc and 
washed with water. The aqueous phase was extracted with 
EtOAc and the combined organic phases were washed with 
brine, dried and evaporated to give 2 as light brown 
crystals (3.94 g, 67%), mp 104-105°C (EtOAc -hexanes after 
decolorization with charcoal); IR: Vmax/cm'^ 1730, 1645, 
1405; 'h NMR: 6^ (90 MHz) 8.12 (d, J* = 8 Hz, IH) , 6.94- 
7.16 (m, 2H) , 4.02 (t, i7=8.3Hz, 2H) , 3.67 (s, 3H) , 3.56 
(s, 2H) , 3.14 (t, cJ = 8.3 Hz, 2H) and 2.18 (s, 3H) . 
Anal. Calcd for C13H15N.O3: C, 66.94; H, 6.48; N, 6.00. 
Found: C, 66.90; H, 6.51; N. 5.96. 

Methyl l-acetyl-7-nitroindoline -5 -acetate 16. Compound 2 
15 (467 mg, 2 mmol) was added to a stirred solution of 

sodium nitrate (170 mg, 2 mmol) in trif luoroacetic acid 
(5 mli) and the mixture was stirred at rt for 4 h. The 
solution was poured into ice-cold water (100 mL) and 
extracted with EtOAc. The combined organic phases were 
20 washed with saturated aq. NaHCOa and brine, dried and 

evaporated. Recrystallization (EtOAc -hexanes) afforded 
16 as orange needles (395 mg, 71%), mp 136-137^*0; IR: 
Vmax/cm'^ 1740, 1670, 1530; ^H NMR: 6h (90 MHz) 7.52 (br s, 
IH) , 7.36 (br s, IH) , 4.23 (t, iJ = 8.3 Hz, 2H) , 3.70 (s, 
25 3H) , 3.62 (s, 2H) , 3.20 (t, = 8 . 3 Hz , 2H) and 2.24 (s, 

3H) . Anal. Calcd for C13H14N2OS: C, 62.94; H, 6.27; N, 
4.59. Found: C, 63.00; H, 6.16; N, 4.59. 




5 



30 



Methyl l-glutarylindoline-5 -acetate 4. A solution of 2 
(1.75 g, 7.5 mmol) in a mixture of methanol (100 mL) , 
water (20 mL) and cone. HCl (10 mL) was refluxed for 4 h. 
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The solution was diluted with water (30 mL) , concentrated 
to about 50 mL, basified to pH 8 with K2CO3 and extracted 
with EtOAc. The combined organic phases were washed with 
brine, dried and evaporated to give methyl indoline-5- 
5 acetate 3 as a brown oil (1-06 g, 74%); 'h NMR: 6h (90 

MHz) 6.80-7.06 (m, 2H) , 6.58 (d, 17=8 Hz, IH) , 3.64 (s, 
3H) , 3.52 (t, 7.2 Hz, 3H) , 3.50 (s, 2H) and 2.96 (t, 

J- = 7.2 Hz, 2H) . The crude product and glutaric 
anhydride (685 mg, 6 mmol) were dissolved in chloroform 

10 (75 mL) and the mixture was stirred at rt overnight, then 

refluxed for 2 h. The solution was extracted with 
saturated aq, NaHCOa solution and the aqueous extract was 
acidified to pH 2.8 with cone. HCl and extracted with 
EtOAc. The latter organic extracts were dried and 

15 evaporated to give 4 as white crystals (1.24 g, 74%), mp 

134-136°C ( EtOAc - hexanes ) ; IR: v^a^^.cm'S- 1720, 1625, 1605; 
^H NMR: 6h (400 MHz) 8.15 (d, iJ = 8 Hz, IH) , 7.07-7.11 (m, 
2H) , 4.04 (t, jr = 8.5 Hz, 2H) , 3.68 (s, 3H) , 3.57 (s, 
2H) , 3.18 (t, J = 8.5 Hz, 2H) , 2.52 (t, J = 1 Hz, 4H) , 

20 and 2.06 (quintet, J = 1 Hz, 2H) . Anal. Calcd for 

C16H19NO5: C, 56.11; H, 5.07; N, 10.06. Found: C, 56.18; 
H, 4.86; N, 10.03. 

Methyl l-glutaryl-7-nitroindoline-5 -acetate 8. Compound 
25 4 was added to a stirred solution of sodium nitrate (425 

mg, 5 mmol) in trif luoroacetic acid (15 mL) (1.37 g, 4.5 
mmol) and the mixture was stirred at rt for 4 h. The 
solution was poured into ice-cold water (100 mL) and 
extracted with EtOAc. The combined organic phases were 
30 washed with brine, dried and evaporated to give a viscous 

oil which crystallized after trituration with EtOAc and 
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was recrystallized (EtOAc-hexanes) to give 8 as yellow 
crystals (1.16 g, 66%), mp 122-124''C; UV: Imax (EtOH) /run 
243 (e/M-lcm-l 17 150), 338 (3010); UV: l^ax lEtOH-25 mM 
Na phosphate, pH 7.0 (5:95) ]/nm 243.5 (e/M-lcm-l 16 850), 
342 (2770); IR: Vmax/cm"^; 1740, 1705, 1680, 1535; ^HNMR: 
6„ (400 MHZ) 7.55 (S, IH) , 7.38 (s, IH) , 4.24 (t, J" = 8 
Hz, 2H) , 3.71 (s, 3H) , 3.64 (s, 2H), 3.22 (t, J" =8 Hz, 
2H) , 2.59 (t, J = 1 Hz. 2H) , 2.51 (t, J = 7 Hz, 2H) and 
2.05 (quintet, J = 7 Hz, 2H) . Anal. Calcd for CigHieNaO,: 
C, 54.86; H, 5.18; N, 7.99. Found: C, 54.75; H, 5.06 N, 
7.97 

Methyl 7-nitrolndollne-5-acetate 12. a solution of 16 
(417 mg, 1.5 mmol) in a mixture of methanol (25 mL) , 
water (5 mL) and cone. HCl (2,5 mL) was heated under 
reflux for 4 h. The solution was diluted with water (7 
mL) and extracted with EtOAc. The combined organic 
phases were washed with brine, dried and evaporated to 
give a viscous oil. Trituration with ether and 
recrystallization (EtjO-hexanes) afforded 12 as red 
microcrystals (255 mg, 72%), mp 113-115''C; UV: Imax 
(EtOH)/nm 246 (e/M-lcm-l 16 600), 431 (5600); Imax 
[EtOH-25 mM Na phosphate, pH 7.0 (1:40) ]/nm 238 (e/M-icm'l 
16 400), 289 (6060), 450 (5060); IR: Vmax/cm' 3420, 3380, 
1740, 1645, 1600, 1520; 'H NMR: 6h (90 MHz) 7.64 (br s, 
IH) , 7.16 (br s, IH), 6.71 (br s, IH) , 3.87 (t, J = 8.3 
Hz, 2H) , 3.69 (s, 3H) , 3.51 (s, 2H) and 3 . 15 (t, J" =8.3 
Hz, 2H). Anal. Calcd for C11H12N2O4: C, 55.93; H, 5.12; N, 
11.85. Found: C, 55.74; H, 5.07; N, 11.68. 



A solution of 4 (70 mg, 0.2 mmol) in CH2Cl2-dioxane-H20 
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(2:3:0.05) (42 mL) was irradiated for 5 h under nitrogen 
in a Pyrex flask using a 100 W mercury arc lamp. The 
progress of photolysis was followed by UV spectroscopy. 
The solution was concentrated in vacuo and the residue 
5 was dissolved in EtOAc and washed with saturated aq. 

NaHCOs and brine. The organic phase was dried and 
evaporated and the residue was crystallized (ether- 
hexanes) to give 12 (44 mg, 95%), mp 113-115*'C, identical 
with material prepared above. 

10 

Methyl 7-nitrosoindole-5-acetate 13. A solution of 8 
(100 mg, 0.285 mmol) in EtOH (3 mL) was diluted to 50 mL 
with 50 mM ammonium phosphate, pH 7.0 and irradiated for 
5 h under nitrogen in a Pyrex flask, using a 100 W 

15 mercury arc lamp. The progress of photolysis was 

followed by UV spectroscopy. The combined solutions from 
two such photolyses were diluted with water and extracted 
with EtOAc. The combined organic phases were washed with 
saturated aq. NaHCOa and brine, dried and evaporated. The 

20 residue was flash chroma tographed [EtOAc -hexanes (1:4)] 

to give 13 as green needles (24 mg, 19%), mp 110-111°C 
(EtjO-hexanes) ; UV: Amax (EtOH) /nm 261 (e/M'^om-^ 7740), 
400 (7260); Amax lEtOH-25 mM Na phosphate, pH 7.0 
(l:9)]/nm 278 {e/M'^cm-^ 6040), 412 (7000); IR: Vmax/cm"^ 

25 (CHCI3) 3460, 1735, 1430, 1395, 1335, 1270, 1180, 1160; 'H 

NMR: 6h (500 MHz) 10.20 (br s, IH) , 9.11 (d, J^,s = 1-3 
Hz, IH, 6-H), 7.97 (d, ^4,6 = 1-3 Hz, IH, 4-H), 7.26 (dd, 
J2,3 = 3.2 Hz, iJi,2 = 3.2 Hz, IH, 2-H), 6.56 (dd, J2,3 = 
3.2 Hz, i7i,3= 2.25 Hz, IH, 3-H), 4.00 (s, 2H, ArCH2) and 

30 3.76 (s, 3H, OMe) ; "C NMR: 6c dOO MHz) 172.0 (C=0) , 

155.1 (C-7), 136.2 (C-6), 131.9 (C-4) , 131.7 (C-3aorC- 



7a), 127.9 (C-2), 126.2 (C-5) , 116.7 (C- 7a or C- 3a) , 
103.1 (C-3) , 52.3 (OCH3) and 40.6 {CH2) . FAB-MS: m/e 
(M+H)+ Calcd for C11H10N2O3 + H: 219.0770. Found: 219.0762. 
The NMR assignments were made from a combination of the 
1 -dimensional spectrum and nOe experiments, and a COSY 
spectrum. "c assignments were made using HSQC and HMBC 
experiments . 

Methyl 1- (5-hydroxypentanoyl) -7-nltroindoline-5-acetate 
5. To a solution of the acid 4 (350 mg, 1 mmol) in dry 
THF (20 mL) at -iCc under nitrogen was added dropwise 1 
M BH3.THF (2 mL, 2 mmol) . The mixture was stirred at - 
iCC for 2.5 h, then quenched with water. The aqueous 
solution was saturated with K2CO3 and extracted with 
EtOAc. The combined organic phases were washed with 
brine, dried and evaporated to give a yellow solid. 
Recrystallization (EtOAc-hexanes) gave 5 as yellow 
needles (213 mg, 63%), mp 133-135°C; IR: Vn,ax/cm"^; 3500, 
1715, 1680, 1535; NMR: 6h (400 MHz) 7.55 (br s, IH) , 
7.37 (br s, IH), 4.24 (t, J" = 8 Hz, 2H) . 3.70 (s, 3H) , 
3.66 (t, J- = 7.8 Hz, 2H) , 3.63 (s, 2H) , 3.21 (t, J" = 8 
Hz, 2H), 2.53 (t, J = 7 Hz, 2H) , 1.83 (quintet, J-= 7 Hz, 
2H) and 1.63-1.69 (m, 3H) . Anal. Calcd for CigHaoNjOg: C, 
57.14; H, 5.99; N, 8.32. Found: C, 57.02; H, 5.90; N, 
8.18. 

Methyl 1- {5- [di( tert-butoxy)phosphGryloxy]pentanoyl} -7- 
nitroindoline- 5 -acetate 6. To a solution of the alcohol 
5 (101 mg, 0.3 mmol) in dry THF (6 mL) under nitrogen was 
added iH-tetrazole (126 mg, 1.8 mmol) and di- tert- butyl - 
W,iV-diethylphosphoramidite (150 mg, 0.6 mmol, 167 ml) and 
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the mixture was stirred at rt for 3 The solution was 

cooled to 0°C, treated dropwise over 5 min with a 
solution of /n-chloroperbenzoic acid (55% peracid; 288 mg, 
1 mmol) in CH2CI2 (2 mL) and stirred at 4°C for 1 h, then 
diluted with ether (20 mL) and washed with 10% aq. 
NajSjOs. The organic phase was separated and the aqueous 
phase was re -extracted with ether. The combined organic 
phases were washed successively with 10% aq. Na2S205, 
saturated aq. NaHCOa, 0.5 M aq. NaOH and brine, dried and 
evaporated. Flash chromatography (EtOAc) followed by 
trituration with ether afforded 6 as yellow needles (111 
mg, 70%), mp lOS-lOG'C (EtOAc-hexanes) ; IR: vmax/cm ; 
1745, 1680, 1535, 1000, 985; NMR: 6h (400 MHz) 7.54 (d, 
J = 0.8 Hz, IH) , 7.36 (d, J = 0.8 Hz, IH) , 4.23 (t, J =8 
Hz, 2H) , 3.98 (dt, t7„,p = 6.3 Hz, J = 1 Hz, 2H) , 3.70 (s, 
3H), 3.62 (s, 2H) , 3.20 (t, J=8Hz, 2H) 2.52 (t, J = 7 
Hz, 2H) , 1.73-1.88 (m, 4H) and 1.47 (s, 18H) . Anal. 
Calcd for C24H37N209P»V$ HjO: C, 53.63; H, 7 . 13 ; N, 5 . 21 . 
Found: C, 53.52; H, 6.99; N, 5.21. 

Methyl 1 - [5 - dihydroxyphosphoryloxy) pentanoyl] - 7 - 
nltroindollne-5 -acetate 9 and 1- [5-di- 

hydroxyphosphoryloxy) pentanoyl] - 7 -ni troindoline - 5 - acetic 
acid 17. A solution of the phosphate ester 6 (141 mg, 
0.266 mmol) in TFA (3 mL) was stirred at rt for 4 h and 
evaporated under reduced pressure. The residue was 
dissolved in water and the pH was adjusted to 6.5. The 
aqueous solution was washed with ether, analyzed by 
reverse -phase HPLC (mobile phase 25 mM Na phosphate, pH 
6.0 + 50% MeOH at 1.5 mL/min) and quantified by UV 
absorption at 342 nm (234 umol, 88%) . HPLC showed a 
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major peak with tp 5.6 min and a minor peak at 1.8 min. 
The solution was lyophilized and the two components were 
separated by preparative HPLC (25 mM Na phosphate, pH 
6.0, 2.5 mlj/min) . The column was first eluted with 
buffer for 1 h, then with water for 1 h. The peak eluted 
with water was collected and the column was then eluted 
with water-MeOH (100:15 v/v) . Fractions corresponding to 
the first peak were combined and quantified by UV 
spectroscopy to give the acid 17 (Na* salt) (8.5 txmol, 
3%); NMR: 6„ (400 MHz, D2O, acetone ref.) 7.57 (d, J = 
0.8 Hz, IH) , 7.51 (d, J = 0.8 Hz, IH) , 4.35 (t, J = 8 Hz, 
2H) , 3.84 (dt, J-H,p = 6.2 Hz, J = 1 Hz, 2H) , 3.58 (s, 2H) , 
3.25 (t, J- = 8 Hz, 2H) , 2.67 (t, J = 6.9 Hz, 2H) and 
1.68-1.77 (m, 4H) . The fractions containing the peak 
eluted by water-MeOH were combined and quantified by UV 
spectroscopy to give 9 (Na* salt) (141 umol, 53%); ^H NMR: 
6h (400 MHz, D2O, acetone ref.) 7.66 (s, IH) , 7.57 (s, 
IH) , 4.39 (t, J =8 Hz, 2H) , 3.86 (dt, Jh,? = 6.2 Hz, J = 7 
Hz, 2H) , 3.85 (s, 2H), 3.76 (s, 3H) , 3.28 (t, J = 8 Hz , 
2H) , 2.70 (t, J= 6.9 Hz, 2H) and 1.70-1.77 (m, 4H) . ES- 
MS, m/e (M+H)" Calcd for CigHigNjOgP + H: 415. Found: 415. 

Methyl 1- {S- [4- tert-butoxycarbonyl) -4- (tert- 
butoxycarbonylamino) ]butanoyl}indoline- 5 -acetate 7. 

Crude 3 (327 mg, 1.9 mmol) was prepared as described 
above (see compound 4) , dissolved in dry MeCN (30 mL) and 
treated with DMAP (611 mg, 5 mmol) and iV- tert -BOC-l- 
glutamic acid a-tert-butyl ester (607 mg, 2 mmol), 
followed by 1 - ( 3 - dimethylaminopropyl ) - 3 - ethylcarbodiimide 
(422 mg, 2.2 mmol). The mixture was stirred at rt for 18 
h, then evaporated and the residue was dissolved in EtOAc 




20 



and washed successively with 0,5 M aq. HCl, saturated aq. 
NaHCOs and brine, dried and evaporated to give a viscous 
oil- Flash chromatography [EtOAc-hexanes (55:45)] and 
trituration with ether gave 6 as white crystals (626 mg, 
5 69%), mp 80-81°C (EtOAc-hexanes) ; IR: vmax/cm'^- 3340, 

1730, 1680, 1655, 1625; NMR: 6h (400 MHz) 8.15 (d, J" = 
8 Hz, IH) , 7.07-7,11 (m, 2H) , 5.23 (d, J= 6.9 Hz, IH) , 
4.22 (m, IH) , 4.03 (2 x t, iJ = 8 . 5 Hz , 2H; rotamers) , 
3.68 (s, 3H) , 3.57 (s, 2H) , 3.17 (t, J =8.5 Hz, 2H) , 
10 2.43-2.59 (m, 2H) , 2,18-2.31 (m, IH) , 1.98-2.07 (m, IH) , 

1,47 (s, 9H) and 1.41 (s, 9H) . Anal. Calcd for C25H36N2O7: 
C, 63,01; H, 7.61; N, 5,88. Found: C, 63.08; H, 7.81; N, 
5.64, 

15 Methyl 1- [S- (4 -amino-4 -carboxybutanoyl) ] -7 -nitroindoline- 

5-acetate 10 and 1- [S- (4 -amlno-4- carboxybutanoyl) ] -7 - 
nitroindoline- 5 -acetic acid 18, To a stirred solution of 
sodium nitrate (93 mg, 1.1 mmol) in trif luoroacetic acid 
(5 mL) was added the tert-BOC glutamate derivative 6 (477 

20 mg, 1 mmol) and the mixture was stirred at rt for 4 h. 

The solution was concentrated in vacuo and residue was 
dissolved in water (30 mL) and adjusted to pH 6.2 with 1 
M aq. NaOH. The solution was washed with ether and 
analyzed by reverse -phase HPLC (mobile phase 25 mM Na 

25 phosphate, pH 6.0 + 50% MeOH at 1.5 mL/min) and 

quantified by UV absorption at 342 nm (819 pmol, 74%) • 
HPLC showed a major peak with 5,2 min and a minor peak 
at 1,9 min. The solution was lyophilized and the 
components were separated by preparative HPLC (mobile 

30 phase 25 mM Na phosphate, pH 6.0, 2.5 mL/min). The 

column was first eluted with buffer for 1 h, then with 



water for 1 h. Fractions eluted with water were 
collected and the colximn was then eluted with water-MeOH 
(2:1 v/v) . Fractions containing the peak that eluted 
with water were combined, analyzed and quantified (UV 
spectroscopy) to give the acid 18 (Na* salt) (18.4 ymol, 
3%); NMR: 6h (400 MHz, D2O, acetone ref.) 7.58 (s, IH) , 
7.51 (s, IH) , 4.32 (t, J- =8 Hz, 2H) , 3.79 (t, J" =6.2 Hz, 
IH) , 3.58 (s, 2H) , 3.25 (t, c7=8Hz, 2H) , 2.80 (t, J = 
7.5 Hz, 2H) and 2.19 (q, J= 7.2 Hz, 2H) . The fractions 
containing the second peak were combined and quantified 
(UV spectroscopy) to give 10 (Na* salt) (478 pmol, 81%); 
^H NMR: 6h (400 MHz, D2O, acetone ref.) 7.62 (d, J = 0.7 
Hz, IH) , 7.54 (d, J = 0.7 Hz, IH) , 4.32 (t, J = 8 Hz, 
2H) , 3.81 (s, 2H) , 3.78 (t, = 6 . 3 Hz , IH) , 3.72 (s, 
3H) , 3.24 (t, J- = 8 Hz, 2H) , 2.79 (t, J = 7.5 Hz, 2H) and 
2.19 (q, J- = 7.2 Hz, 2H) . FAB-MS: m/e (M+H) + Calcd for 
C16H19N3O7 + H: 366.1301. Found: 366.1279. 

Hydrolytic stability of l-acyl-7-nitroindolines . 
Solutions of compounds 17 and 18 (each -0.2 mM) were 
prepared in 62.5 mM Na phosphate, pH 12.01 and incubated 
at 30''C. Aliquots (125 uD of each solution were 
withdrawn at 0, 1, 2, 4, 8, 24, 32, and 48 h, quenched 
with 200 mM Na phosphate, pH 6.0 (125 uD and stored 
frozen prior to analysis. The extent of hydrolysis was 
determined by reverse -phase HPLC analysis (mobile phase 
25 mM Na phosphate, pH 6.0 + 10% MeOH, 1.5 ml/min) . 
Retention times were 7.4 and 4.4 min for 17 and 18 
respectively. Quantification was based on peak heights 
compared to those of unhydrolysed controls (t^) . First- 
order rate constants for hydrolysis were obtained from 
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single exponential fits to the data. Half-times for 
hydrolysis were 29 h and 6 h for compounds 17 and 18 
respectively. 

Analytical photolysis of 8 in organic and aqueous 
solvents. Solutions (--0.25 mM) of 8 in either 
CH2Cl2-dioxane-H20 (2:3:0.05) or 25 mM Na phosphate, pH 
7.0 were irradiated in air for times between 0 and 16 min 
in a 1-cm path length cell with light from a 100 W xenon 
arc lamp, filtered through a Hoya 340 filter. UV-Vis 
spectra were recorded at intervals and the overlaid 
spectra are shown in Figures 2 and 3 respectively. 

Relative photolysis efficiencies of 8 and 11. A solution 
containing both 8 and 11 (each 0.5 mM) in 25 mM Na 
phosphate, pH 7.0 was irradiated in a 1-mm path length 
cell using light from a 100 W xenon arc lamp which passed 
through Hoya 340 and Schott WG 305 filters before 
illuminating the cell. The extent of photolysis of each 
compound was determined by reverse -phase HPLC analysis 
(mobile phase 10 mM Na phosphate, pH 6.0 + 50% MeOH, 1.5 
mL/min) . Retention times for 8 and 11 were 3,8 and 7.8 
min respectively. After 2 min irradiation, the extents 
of conversion for compounds 8 and 11 were 4 0 and 16% 
respectively. 

Quantum yield estimation for 10. A solution of 1- (2- 
nitrophenylethyl) phosphate and 10 (each 0.50 mM) 
together with dithiothreitol (5 mM) was prepared in 25 mM 
ammonium phosphate, pH 7.0. Aliquots of the solution (5 
x 25 ml) in a 1-mm path length cell were each subjected 



to one 50 -ns flash from a frequency-doubled ruby laser, 
that delivered 347 nm light with an average energy of 9 0 
mJ (range 83-104 mj) . The combined irradiated solutions 
were analyzed by reverse-phase HPLC (mobile phase 25 mM 
Na phosphate, pH 6.0 + 40% MeOH, 1.5 ml/min) . Retention 
times were 4.2 and 7.2 min for 10 and l-(2- 
nitrophenyl ethyl) phosphate respectively. Quantification 
was based on peak heights compared to those of the 
unphotolyzed control. Extinction coefficients at 347 nm 
used to calculate the relative quantum yields were 2720 
and 510 M'^cm'^ for 10 and 1 - (2 -nitrophenylethyl) phosphate 
respectively. 

Photolysis and product analysis for compounds 10 and 18. 
Separate solutions of 10 (each 0.50 mM) in 25 mM ammonium 
phosphate, pH 7.0 ± 1 mM dithiothrei tol were irradiated 
in a 1-mm path length cell for 3 min using light from a 
mercury arc lamp which passed through Hoya 340 and Schott 
WG 305 filters before illuminating the cell. The extent 
of photolysis was determined by reverse -phase HPLC 
(mobile phase 25 mM Na phosphate, pH 6.0 + 10% MeOH, 1.5 
ml/min) . Quantification was based on peak heights 
compared to those of unphotolyzed controls. Aliquots of 
the photolyzed solutions were also subjected to 
quantitative amino acid analysis (see General 
Procedures) . Each sample was photolyzed to -35% 
conversion and measured concentrations of glutamate were 
90-94% of the values calculated from the extent of 
photolysis. Maximum contamination of the unphotolyzed 
samples by free glutamate was 0.25%. 
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Corresponding experiments with compound 18 at -51% 
photolysis gave measured concentrations of glutamate of 
97-108% of the values calculated from the extent of 
photolysis. Free glutamate was not detectable in the 
5 unphotolyzed solution of 18. 

Synthesis of caged GABA. Synthesis of the caged GABA 21 
was essentially as described for the glutamate compound 
10 (see main text and Supporting Information) , starting 

10 from the protected derivative 19 (see Experimental 

Details below) . The principal difference was in the 
isolation protocol, where the properties of the caged 
GABA required a change of method. Purification of the 
caged glutamate 10 was effected by preparative HPLC, in 

15 which initial elution of the column with aqueous buffer, 

followed by pure water, sufficed to remove inorganic 
salts and also separated the small amount of compound 18 
that had the hydrolyzed side chain. Elution with water- 
MeOH (2:1) then gave the pure glutamate compound 10. In 

20 the case of the GABA reagent, which had only one charged 

group, the compound was significantly more hydrophobic 
and could not be eluted from a preparative HPLC column 
using a similar protocol. Instead the compound was 
eluted from the preparative HPLC column using a mobile 

25 phase of aqueous methanolic buffer (see below) . Early 

fractions were contaminated with material assumed to be 
the hydrolyzed compound 20 but subsequent fractions 
contained only the required compound 21. This material 
was desalted by absorption on TVmberlite XAD-2 resin, that 

30 was washed with water to remove buffer salts, then eluted 

with methanol to recover the caged GABA 21. As for the 
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caged glutamate 10, photolysis and quantitative amino 
acid analysis showed stoichiometric release of GABA. 




Methyl 1- [4 - ( tert -butoxycarbonylamlno) ] butanoyl] indoline- 
5 -acetate 19. a solution of the crude indoline 3 (291 
mg, 1.52 mmol) and 1 -hydroxybenzotriazole (540 mg, 4 
mmol) under nitrogen in dry THF (15 mL) was cooled to Cc 
and treated with JV-BOC-y-aminobutyric acid (406 mg, 2 
mmol), followed by dropwise addition of DCCI (433 mg, 2.1 
mmol) in dry THF (5 mL) . The mixture was stirred at 0"C 
for 1 h, then at rt overnight. The precipitate was 
filtered and washed with THF, and the combined filtrates 
were evaporated. A solution of the residue in EtOAc was 
washed with dilute aq. HCl, aq. NaHCOj and brine, dried 
and evaporated. Flash chromatography [EtOAc-hexanes 
(1:1)] gave 19 (309 mg, 54%), mp 85-86»C (EtOAc-hexanes) ; 
IR: v„^/cm-^ 3275, 1750, 1710, 1675; ^H NMR (400 MHz): 6 
8.15 (d, J= 8 Hz, IH), 7.10 (s, IH), 7.08 (d, J = 8 Hz, 
IH), 4.78 (br s, IH), 4.04 (t, J= 8.5 Hz, 2H) , 3.68 (s. 
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3H) , 3.57 (s, 2H) , 3.23 (q, J = 6.2 Hz, 2K) , 3.18 (t, J = 

8.5 Hz, 2H) , 2.46 (t, J = 7 Hz, 2H) , 1.93 (quintet, J = 
6.7 Hz, 2H) and 1.42 (s, 9H) . Anal. Calcd for C20H28N2O5: 
C, 63.81; H, 7.50; N, 7.44. Found: C, 63.67; H, 7.63; N, 

5 7.54. 

Methyl 1- (4-aminobutanoyl) -7-nitroindoline-5-acetate 21. 

Sodium nitrate (93 mg, 1.1 iranol) was added to a stirred 
solution of 19 (376 mg, 1 mmol) in TFA (5 mL) and the 

10 mixture was stirred for 4 h at rt, then evaporated under 

reduced pressure. The residue was dissolved in water (30 
mL) and adjusted to pH 7 with 1 M NaOH. The solution was 
washed with water, analyzed by reverse-phase HPLC (mobile 
phase 25 mM Na phosphate, pH 6.0 + 75% MeOH at 1.5 

15 mL/min) and quantified by UV absorption at 342 ran (819 

umol, 82%) . HPLC showed major and minor peaks, 6.6 and 
1.9 min respectively. The minor peak was assumed to be 
the free acid 20. Part of the solution (containing 669 
pmol) was lyophilized and purified by preparative HPLC 

20 (25 mM Na phosphate, pH 6.0, 2.5 mL/min). The column was 

first eluted with buffer for 1 h, then with water for 1 h 
and finally with 10 mM Na phosphate, pH 6.0 + 50% MeOH. 
Fractions eluted by the last of these eluents were 
analyzed by reverse -phase HPLC as above. Two early 

25 fractions contained both the faster and slower eluting 

components (total 294 umol) and were discarded. 
Subsequent fractions contained only the later- eluting (tp 

6.6 min) component and were combined, quantified by UV 
absorption (383 umol) and concentrated under reduced 

30 pressure to remove most of the methanol. The residue was 

diluted to -20 mL and mixed for 20 min with Amberlite 



XAD-2 beads (5 g) . The beads were washed with water to 
remove inorganic salts, then extracted with MeOH (8 x 20 
mL) . The methanolic solution was quantified by UV (269 
limol) , evaporated and the residue containing 21 
(phosphate salt) was redissolved in water and stored at - 
20°C; NMR: 6h (400 MHz, D2O, acetone ref.) 7.61 (d, *7 = 
0.7 Hz, IH) , 7.55 (d, J = 0.7 Hz, IH) , 4.32 (t, tJ = 8 Hz, 
2H) , 3.83 (s, 2H) , 3.72 (s, 3H) , 3.25 (t, J" - 8 Hz , 2H) , 
3.08 (t, J- = 7.8 Hz, 2H) , 2.75 (t, cJ = 7 Hz , 2H) and 2.02 
(quintet, 7.5 Hz, 2H). FAB-MS: m/e (M+h)"*" Calcd for 

C15H19N3O5 + H: 322.1403. Found: 322.1413. 

Photolysis and product analysis for compound 21. a 
solution (0.5 mM) of 21 in 25 mM ammonium phosphate, pH 
7.0 was irradiated as described for compound 10 and the 
photolyzed solution was quantified by reverse -phase HPLC 
and amino acid analysis. At 38% photolysis, the measured 
recovery of GABA was 88% of the value calculated from the 
extent of photolysis. 

Discussion 

The above experiments describe reagents based on 7- 
nitroindolines that undergo rapid and efficient 
photorelease of carboxylates , including L-glutamate, in 
aqueous solution at pH 7. As discussed in the background 
section, 5-bromo-7-nitroindoline reagents have previously 
been reported to undergo clean photosolvolysis in 
dioxane-CH2Cl2 that contained --1 % water to yield the 
carboxylic acid and the nitroindoline (6a) . The detailed 
mechanism of that reaction was not investigated, although 
it was shown that the water present acted as a 
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nucleophile, since [^^O] water gave ^®0- labelled carboxylic 
acids and its replacement by alcohols or primary amines 
yielded esters or amides as photoproducts (6) . As shown 
below, the reaction takes an entirely different course in 
5 aqueous solution. 

The compounds 8-10 described here employed a blocking 5- 
substituent to direct nitration to the required 7- 
position. Previous work (6) used 5-bromo compounds but 

10 this heavy atom can result in less efficient photolysis 

by quenching the excited state and was therefore 
unsuitable in this context. Therefore, we used instead a 
-CH2C02Me substituent as a blocking group, which was 
expected to confer better aqueous solubility and also 

15 provides a site for possible adjustment of solubility 

properties. The required indoline 3 was prepared by 
thallium (III) nitrate oxidation (7) of 1,5- 
diacetylindoline 1, followed by acidic methanolysis of 2 
for selective removal of the 1- acetyl group (Scheme 1) • 

20 Acylation of 3 followed by nitration (TFA-NaNOa) (8) 

concurrently removed tert -butyl protecting groups (when 
present as in 6 and 7) to give directly the water-soluble 
target compounds, that were readily purified by reverse- 
phase HPLC. This route avoids the difficult acylation of 

25 7 -nitroindolines (6b) , especially with sensitive side 

chains such as in glutamic acid (9) . For comparison, the 
5-bromo compound 11 was prepared by a related route, 
starting from 1 -acetyl - 5 -bromoindoline (10) . 
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Scheme 1 : 




Reagents: (a) Tl (NO3) 3-MeOH-HC104; (b) HCl -HzO-MeOH; (c) 
glutaric anhydride; (d) L- 

HO2C ( CH2 ) 2CH ( NHBOC ) CO2BU ^ - EDC - DMAP ; ( e ) BH3 - THF ; ( f ) 

Et2NP(OBu'') 2-lH-tetrazole, then MCPBA; (g) NaNOa-TFA. 

Upon comparative photolysis of the 1-glutaryl derivatives 
8 and 11 in aqueous solutions at pH 7 and without 
excluding atmospheric oxygen, the bromo compound 11 was 
indeed converted -2, 5 -fold less efficiently than 8. 
Photolysis of 8 proceeded cleanly, as shown by an 
isosbestic point at 365 nm in spectra of a solution 
photolyzed for increasing times to at least 65 % 
conversion, but the photoproduct of the protecting group 
was not the 7 -nitroindoline 12 (A^^x 4 50 nm) expected from 
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the previous report (6a) . Instead the product {X^^^ 412 nm) 
was shown to be the novel 7 -nitrosoindole 13 (Scheme 2, R 
= CH^CO^Me) by NMR and mass spectroscopy. Further 
confirmation of the presence of a nitroso group was that 
treatment of 13, R = CH2C02Me) with a thiol readily 
abolished the 412 nm chromophore, presumably by conversion 
to the corresponding hydroxylamine (11,12). Quantitative 
amino acid analysis of part-photolyzed solutions of the 
glutamate derivative 10 showed that photolysis released 
glutamate from the starting compound in 1 : 1 stoichiometry 
(within experimental error) , both in the absence and 
presence of dithiothreitol to react with the released 
nitrosoindole 13, R = CH^COsMe) . In control experiments, 
photolysis of the glutaryl compound 8 in CH^Cls-dioxane-HsO 
(2:3:0.05) cleanly gave the expected (6a) nitroindoline 
12. Irradiation of equimolar solutions of 8 in aqueous 
solution or in the CHaCls-dioxane-HjO mixture showed that 
photolysis in organic solvent was at least 2 -fold more 
efficient than in water. 




Formation of different products in different solvents 
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requires a change of mechanism and there is some precedent 
for photoreactivity of nitroaryl compounds in aqueous 
solution that was not observed in organic solvents. This 
was suggested to arise from formation of a highly 
polarized n,n* triplet state in aqueous solution, in 
contrast to an n,7i* state in organic solvents (13). 
First, flash photolysis of 9 (used because it was highly 
water-soluble and had no carboxylate group that might 
interfere with measurements on the carboxylate formed by 
photolysis) coupled with FTIR difference spectroscopy (12) 
showed the antisymmetric stretch of the released 
carboxylate at 1553 cm'^ whether photolysis was performed 
in normal or [^^O] water (97 % isotopic abundance) . Thus 
the oxygen atom introduced into the acyl group to form the 
carboxylate does not derive from the solvent. Second, we 
have investigated the kinetics of product formation, 
specifically of the released proton and carboxylate. 
Flash photolysis (320 nm laser, 1 ms pulse, 20°C) coupled 
with time-resolved UV-VIS absorption spectroscopy (14) of 
a solution at pH 7 that contained 8 and a pH indicator 
(Bromothymol Blue) showed acidification of the solution 
upon irradiation. The major component of the signal (-85 
%) was complete within the laser pulse and the smaller 
component had a rate of --9 s'^. Time- resolved IR 
measurements (12) at 1557 cm^ following flash photolysis 
of 9 (351 nm laser, 9 ns pulse, spectral resolution 25 cm' 
\ 25°C, pH 7) to monitor formation of the carboxylate 
showed an instantaneous decrease in absorption, arising 
from disappearance of the nearby nitro group absorption 
(1539 cm'^) , followed by biphasic absorption increase, with 
the major (-80 %) and minor components having exponential 
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rates of -2700 and -10 s'^ respectively. The latter 
process may correspond with the slow phase of proton 
release described above. An overlapping band on the high- 
frequency side of the main 1553 cm*^ band makes definitive 
interpretation of the signals uncertain. However, on the 
basis of the demonstrated release of carboxylates and 
initial biological testing (see below) , we interpret the 
faster process as principally representing formation of 
the carboxylate {t^ --0.25 ms) . A provisional mechanism to 
accommodate most of these data is shown in Scheme 2. 

Scheme 2. Suggested photolysis mechanism for l-acyl-7- 
nitroindolines in aqueous solution. 




Oxygen transfer from the nitro to the acyl group has been 
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previously demonstrated in photolysis of the related 1- 
acyl-8-nitrotetrahydroquinolines in a range of organic 
solvents, although the by-product from the heterocycle was 
not characterized (15) . A feature of the sequence is that 
proton loss precedes release of the carboxylate, as is 
required by the observed reaction rates. However the 
mechanism does not account for the slower, minor processes 
observed for both the proton and carboxylate signals. 

In addition to the release rate of the bioeffector species 
following flash irradiation, important properties of any 
caged compound include stability in aqueous solution and 
its extent of photolysis upon a single flash irradiation. 
The 1-acylnitroindolines were stable at pH 7; at pH 12, 
30°C the half-times for amide hydrolysis of 9 and 10 were 
29 and 6 h respectively. The faster hydrolysis of the 
glutamate derivative 10 indicated that its free amino 
group competes with external base, presumably leading to 
formation of pyroglutamate. 

In this context, hydrolytic stability refers to the amide 
bond. In all these compounds, the ester group in the side 
chain was slow hydrolyzed at pH 7. However, in separate 
experiments, 10 and the salt of its corresponding free 
acid (isolated as a minor by-product during synthesis of 
10) were found to release glutamate upon photolysis with 
equal efficiency. The ester hydrolysis is therefore 
unimportant. The stabilities quoted were from experiments 
on the free acids of the phosphate 9 and the glutamate 
derivative 10, and were determined from reverse -phase HPLC 
measurements of disappearance of starting compounds. The 
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use of the free acids avoided analytical complications ^ 
from the much faster cleavage of the ester group. 

Nevertheless, the results confirm that hydrolysis can be 
disregarded during purification, storage and use of these 
compounds at pH values near neutrality. The product 
quantiun yield (Op) for photolysis of the glutamate 
derivative 10 was determined by laser flash irradiation 
(347 nm) of a solution containing 10 and 1- (2- 
nitrophenyl) ethyl phosphate (16) (both 0.5 mM in pH 7 
phosphate buffer) . Conversions by a single flash (-90 mJ) 
were 9.7 and 23 % respectively (reverse-phase HPLC) , 
leading to pp = 0.043 by comparison with the known value 
(16) (0.54) for the caged phosphate and after correction 
for the different extinction coefficients at the 
irradiation wavelength. Although the value of Qp is low, 
the relatively high extinction coefficient at "350 nm 
(-2700 M'^cm'M compared to that of "classical" 2- 
nitrobenzyl-type caged compounds (-600 M'^cm'M enables 
similar photolytic efficiency to be achieved. 

The caged L-glutamate reagent 10 was tested in primary 
cultures of rat cerebellar granule neurones for its 
pharmacological actions and ability to effect photolytic 
activation of glutamate ion channels. All 
electrophysiological experiments were performed in Mg^*- 
free mammalian Ringer's solution containing 100 pM 
glycine. Cells were voltage clamped at -65 mV with whole - 
cell patch clamp (17) and the glutamate sensitivity was 
established by responses to 20 ms pulses of L-glutamate, 
applied at a frequency of 0.25 Hz by iontophoresis from a 
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1-Vim tipped glass pipette. In control experiments, 
replacing the bath solution with one containing 10 (1 mM) 
produced no activation of current in granule neurones and 
did not diminish the peak response to iontophoretic pulses 
of L-glutamate. Furthermore, using the phosphate 9 
instead of the glutamate precursor 10, both with and 
without iontophoretic application of L-glutamate showed no 
effect of the caged compound before, during and after 
photolysis (see below) . The control experiments during 
and after photolysis confirm that the by-product 13 has no 
adverse effect on glutamate receptors or resting membrane 
properties of granule neurones. Flash photolysis of caged 
glutamate 10, using a 1 ms pulse from a xenon arc flash 
lamp (20) through a Schott UGll filter and focused to a 
200 urn diameter spot at the preparation, resulted in a 
fast rise of inward current (Figure 1) with exponential 
half-time of mean 0.74 ms (± 0.13 ms S.D. n = 8) , followed 
by a decline comprising fast (mean half-time = 2.9 ms) and 
slow time courses. The latter most likely arises from 
glutamate diffusion away from the photolyzed region. The 
time course of the initial decline may represent 
desensitization of non-NMDA glutamate channels. 

During the slow decline there was a clear increase in the 
low frequency noise of the glutamate -activated current 
compared to baseline, consistent with gating of glutamate- 
activated ion channels. Thus, this data indicates that 10 
is inactive at glutamate ion channels of both NMDA- and 
non-NMDA -activated types, and that the release of L- 
glutamate by flash photolysis of 10 is on the same time 
scale as the light pulse. 
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To conclude, initial chemical and electrophysiological 
characterization indicates that 10 is a useful reagent for 
rapid photorelease of L-glutamate . The photochemistry is 
markedly solvent -dependent, with formation of the novel 
nitrosoindole 13 as the principal photolytic by-product in 
aqueous solution. 

1 -Acyl-7 -nitroindolines undergo photolysis in aqueous 
solution to yield a carboxylic acid derived from the acyl 
group, and a 7 -nitrosoindole. This contrasts with 
photolysis in organic solvent containing a trace of water, 
which yields the carboxylic acid and the 7 -nitroindoline. 
The nitroindolinyl amide on the y "carboxylate of L- 
glutamate released the amino acid with 1:1 stoichiometry 
upon photolysis. Photorelease of the carboxylate is fast 
(tj^ -0.25 ms) and upon photolysis the L-glutamate 
derivative showed rapid activation of glutamate channels 
in rat isolated cerebellar granule neurones, with no 
evidence of agonist or antagonist properties prior to 
photolysis . 
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